-INTRODUCTION
X-ray diffraction experiments are at the present time in current use to determine the characteristic structural parameters of well-ordered artificial semiconductor based superlattices [l-51. They can also provide useful information in the case of non regular structures since the diffraction profiles are affected by random fluctuations in composition and in layer thicknesses [6.7 1.
A series of 6 intentionally disordered GaAlAs-GaAs superlattices was grown by MBE in order to study by photoluminescence the carrier localization and the inhibition of carrier transport along the growth axis as a function of an increasing disorder [a] .
Their diffraction diagrams show subsidiary peaks (out of Bragg positions) which cannot be ex lained by statistical models based on the homogeneity of the disordered structures 111.10 ] : however as the growth sequence is known the contribution of each layer to the scattered intensity can be taken separately into account, no attempt being made to separate the disorder term and the average structure term in the expression of the scattered amplitude.
-EXPERIMENTAL
The samples were grown by MBE on Si doped "laser quality"
Gaks wafers following a procedure described elsewhere [l1 1.
Their particular configuration is shown in fig.1 : SL1 and SL2 are identical and symmetrical with regard to We. Six samples were investigated : in the first one (reference sample) SL1 (and SL2) is strictly periodic with expected Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987518 v a l u e s of 0.3 f o r t h e A l c o n t e n t of 30 1 f o r t h e t h i c k n e s s e s of t h e GaAs o r GaAlAs s u b l a y e r s . I n t h e o t h e r s , t h e t h i c k n e s s of t h e GaAlAs b a r r i e r s is c o n s t a n t whereas t h o s e of theoGaAs w e l l s vary randomly f o l l o w i n g a g a u s s i a n law with a mean expected v a l u e of 30 A and a s t a n d a r d d e v i a t i o n S; S c h a r a c t e r i s e s t h e d i s o r d e r i n t e n t i o n a l l y i n t r o d u c e d and v a r i e s from 0 t o 11.76 A. The main observed c h a r a c t e r i s t i c s of t h e i n v e s t i g a t e d samples a r e gathered i n t a b l e 1.
Table 1 : S, s t a n d a r d d e v i a t i o n of t h e w e l l t h i c k n e s s e s . Te, t o t a l t h i c k n e s s of t h e e p i t a x y . We, e n l a r g e d w e l l t h i c k n e s s . C, mean value of t h e superperiod. f, mean Al-content i n t h e epitaxy. X, Al-content i n t h e b a r r i e r s . ng, number of molecul a r lanes i n t h e b a r r i e r s . % . average number of molecular lanes i n t h e wells.
k c r o s s s e c t i o n a l d a r k f i e d TB4 image f i g . 2 ) of t h e most d i s o r d e r e d sample l l u s t r a t e s one of t h e growth sequences. i g u r e 3a shows t h a t non-zero o r d e r s a t e li t e peaks which r e v e a l t h e SL modulation, r e a f f e c t e d bv d i s o r d e r whereas t h e mean
QISplit i n t o s m a l l e r ~e a k s and a s d i s o r d e r l b n c r e a s e s s o does t h e a n g u l a r range coveed by each group of peaks around t h e a t e l l i t e p o s i t i o n s of t h e non-disordered L. It is however p o s s i b l e t o d e f i n e , i n ach s a t e l l i t e group, a mean peak p o s i t i o n t t h e c e n t e r of g r a v i t y of t h e group. Thus t h e f 1 mean s i t e l l i t e peak p o s i t i o n s sample S = 11.76 A.
and t h e mean 001 SL peak were used i n t h e u s u a l manner t o determine t h e SL period C, and t h e mean Al-content v a l u e Z i n each sample. 
r o f i l e s c l o s e t o the 004 GaAs s u b s t r a t e r e f l e c t i o n showing the simil a r i t y o f t h e zero order sat e l l i t e peaks o f samgles S
= 0 and S = 11.76 A.
Substrate

Fig.5 : Model for t h e c a l c u l a t i o n o f 001 scattered i n t e n s i t y .
-0
Fig.6 : Magnified d i f f r a c t i o n p r o f i l e s corresponding t o t h e -1 order s a t e l l i t e o f t h e highest disordered sample
( S = 11.76 R).
-THEORY The t h e o r e t i c a l p r o f i l e s were calculated consider i n g t h a t t h e layer thicknesses are proportional t o t h e opening times o f the ovens and that t h e s t e p s a t the i n t e r f a c e s are only one molecular plane high [ 1 2 , 131. Figure 5 shows the model for t h e scattered i n t e n s i t y c a l c u l a t i o n s f o r t h i s type o f s t r u c t u r e s . The expression f o r the scattered amplitude a t angle €l was d i r e c t l y derived from the b a s i c kinematicalu expression :
(1) Fool (8) P 2 f j exp ( i k z j ) where
i s t h e number o f molecular planes i n t h e s t r u c t u r e , f j i s t h e complex s c a t t e r i n g f a c t o r o f t h e J-th molecular layer and z j i t s z-coordinate. In t h e model o f f i g u r e 5 only one s t e p o f one monolayer i s drawn a t each i n t e r f a c e since t h e real s t e p s positions do not matter when one views t h e reciprocal space along the 001 d i r e c t i o n . Only t h e proportion pj o f each material a t each i n t e r f a c e molecular plane i s important. A f u l l mathematical de-elopment o f expression ( 1 ) i s t o be published [ 1 4 ] . The X value i n GaAlAs layers was taken t o be equal t o ,be ( 1 + iiw /nb ) where $ and ng are t h e mean numbers o f molecular planes i n t h e w e l l s and i n t h e b a r r i e r s r e s p e c t i v e l y , calculated assuming t h e i r r a t i o i s as intended. The r e s u l t s are shown i n fig.3b facing t h e observed diagrams.
-DISCUSSION
As long as t h e disorder i s low ( S ( 1;) the experimental diagrams and t h e calculated ones d i s p l a y a decrease of the maximum i n t e n s i t y o f the s a t e l l i t e peaks and a l s o an i n c r e a s s o f t h e i r width a t h a l f maximum. Above S = 1.25A s a t e l l i t e peaks become sharper and a f i n e s t r u c t u r e begins t o appear on each s i d e o f t h e i r base. The corresponding calculated diagrams a l l show a s p l i t t i n g o f t h e 5 1 order s a t e l l i t e peaks, t o g e t h e r w i t h an i n c r e a s i n g d i f f e r e n c e o f i n t e n s i t y o f t h e two components o f the main peak. T h i s non-equilibrium i s r e f l e c t e d i n the observed diagrams and e x p l a i n s f o r i n s t a n c e why t h e obserzed -1 order peak i s narrower f o r sample S = 1 . 2 5 A than f o r sample S=0. For higher values o f S (2 3.141)extra peaks become v i s i b l e o u t s i d e t h e Bragg positions p r a c t i c a l l y without i n t e r r u p t i o n i n t h e investigated angular range i n agreement w i t h the t h e o r e t i c a l expectations. Inhomogeneities such as in-plane gradients o f period and Al content were not taken i n t o account i n the c a l c u l a t i o n s . I n s p i t e o f t h i s , there i s a good agreement between observed and c a l c u l a t e d patterns. T)is i s p a r t i c u l a r l y obvious f o r sample S
A which has the highest well thickness standard d e v i a t i o n ( f ig.6). But, although the disturbance due t o disorder i n the observ5d diagrams i s l e s s s t r i k i n g f o r values o f S <3.14 A, i t can s t i l l be d e t e c t e d ( w i t h t h e h e l p of t h e o r e t i c a l d i a g r a m s ) e v e n i n t h e l e a s t d i s o r d e r e d samples. T h i s means t h a t t h e r e s i d u a l d i s o r d e r i n h e r e n t i n t h e MBE
t e c h n i q u e is less t h a n 0.57 1 i n s t a n d a r d d e v i a t i o n f o r t h e r e f e r e n c e sample.
-CONCLUSION
T h i s s t u d y of a s e r i e s of i n t e n t i o n a l l y d i s o r d e r e d s a m p l e s h a s e n a b l e d u s t o show e x p e r i m e n t a l l y t h e e f f e c t of d i s o r d e r on t h e d i f f r a c t i o n p a t t e r n s . A t h e o r e t i c a l model which t a k e s i n t o a c c o u n t e v e r y l a y e r of t h e s t a c k i n g was worked o u t and c a l c ul a t i o n s based on t h i s model l e d t o an e x c e l l e n t agreement between o b s e r v e d and c a lc u l a t e d d i a g r a m s . When d i s o r d e r is low t h e e x p e r i m e n t a l d i a g r a m s a r e weakly d i s t u rbed and a n a n a l y t i c a l a v e r a g i n g e x p r e s s i o n o n l y d e p e n d i n g on t h e mean s t r u c t u r e and t h e s t a n d a r d d e v i a t i o n of t h e v a r y i n g p a r a m e t e r ought t o be s a t i s f a c t o r y . On t h e c o n t r a r y i n t h e c a s e of v e r y d i s o r d e r e d s a m p l e s , t h e b a s i c s c a t t e r i n g e x p r e s s i o n ( 1 ) h a s t o be u s e d , a t l e a s t when t h e number of d e p o s i t e d l a y e r s is low, a s i n t h i s s t u d y . A s a m a t t e r of f a c t , we v e r i f i e d t h a t when t h i s number i n c r e a s e s , k e e p i n g t h e s t a n d a r d d e v i a t i o n c o n s t a n t , t h e complex s a t e l l i t e peak s t r u c t u r e s smooth o u t t o b r o a d e n e d peaks.
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